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I1EM0RIA DESCRJPTJVA 



La tnveacion se rafJere a una cbmposiclfio eC tl Va « 0 r a - cspuir)Bn t e de p.*™ 
se.octivided, q„ e se pUBde aplicor como reoctIyo corn p lernenleri . - ^ ](j 
nDt ac W ft d ein|nera , es suiruros de Cu finite molidos, as! como l^'bifen en 
el mm^to da rei aves de c u prwanientes d 8 p (an ta 9 dsfroteciaa, en cuyo 
coso se puede apHcar procticameme como reactivo unico. ' 



10. OESCRlPCiftM D£ 1.0 CONOCIPO 



1.1. CUNCENTRACION OE IIIWERALhS EH LA INOUSTRIA MINERA 

Se omjende parcontentreciw, o procesarniento de mineral w la secuencia 
de operations hue « e efectuB con el produclo o mena de un yacimUmto. con el 
propositi do eoncentror o separer «l /m m 9 ral de inters p arB j 0 posterior 
exlraccifin del meUJ volioso que cohticna 

Por deflnicJon, )as operaciones Jnvolucrsdas en una concentracion no 
altars la natural quimics de las papacies mineralogies contentdas e n Ja 
meaa. £sla caracteristica consilium |g difcrencia twsica respscto de rnelodos 
alternates da tralamtenta, talt* como los procesas Wdr 0 ^}5l«r S | CD s.. C omo 
resyttado de una operation de coq C e«cr«ej D n » oblige tin roncentrado, q»e as 

ir?.^.-,.;:. .V- .. .. ' 

I r :< ' .v."f;. 
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en e, rs^i M . de rectos olros .etodo* * c on cent^dn -, ' teteD 
en .1 procesomieato d* slaves ^ Ue tfontas da f Nation, grades n lo* 
n^vos .vanes y op timfzaci Ones que ^.han ojc^ado con M ta tfcrtciL 
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oquelia frocciun ds Is m«r» enriquectdo con fos especies mineral dpices que 
Uenen voior ewmomfco, y un in&iovs que cwuitns JumianrenlQlmctiit* minereles 
sin velor win^mlco. A est&s ultimos se Jes conots como oengu t> eslerif. 

■ •* En gewntf, la cwctfntnjqJoi) <Je mlnerales involucro, ramo prtnwr" paso, la 
reducci&n rie.tomafia de te mcnir erj etppos de chuncodqr ij rnollenda, de rhonpra de 
■ -fll^onizeriinft odectiodo liberation enlralos mtnerfeles veJiosos y las d& lo g©n<|a. 
lt, e f D .P?. Posterior *s In cmtcerttecltin propUmenie wi, dtlHz&wfose direrentes 
Utoddsos- ffsicos o rrsico^Mcps : eegfln seen las caracteristlces «<; los 
rrtinerales t|U^ *s sstqn pnacfcfctjhda FfrolmeM*, despi^D de tm odecucido rhahejo 
deT trmrabtnuki, queda opto pore In extroctifo d»l meloJ voIIusd, la quo 
IrBdldortalmente se rati 2a medlanle un procsso pirwtietolGrgico. 

Pert fines de conc&ntraelfa, Tos cJlr»Rntee metodire utiltiadw 
gprovechan sljjuna tflf&rsneio ffelca o Jfcicirquimlcn enlr* tos mfrarnles 
vattosoB i| los do ta gangs. Talos.dlTerencins pu&Oon ser los rolBCiOnodos con e-1 
peso ospetfflcq (concenlraciw (ypvUdCiahal ), ron propiedatfes superTlcintes 
ftoncertUacidn por ftatneffa), ton pTopiedOdes mognetkas, (concerrtrociwi 
... r W& lc #! ccn ; prDpTedodef .de conductlvidnd olfcclrlcn ( content rocitfn 
_electro*slotito) slmpiemwite, con fllguno proplGd&d tiptlcs (concentration por 

1.2. LA JFLUTAC1QH COHtJ METODQ .UONCEmTJAClOJI 

L« f lotoeftn eSi sin dudo. bI metodo mte Important y versatfl <Je 
_ concentration tfe mineral es. fsle proceso N uermtttdft tl irMemlemp dE mpiicis 
con leyes. menorss y de compos iclpn mos complcjo, lo qui.*, de olnj monera, no. 
habria re?t(ilQdo t 



} economlCO. A£p jn»i, lo flotsciort sr opliuado exlLOSarnanl.^ 
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Cine 



EsfBleritB(Zn5 ) 
E.smUh?onUe(Zr>COj) 



CoDre 



Barnito(2Cu !t 3 i CuS-Fes ) 

ColCOpirito ( GuFcS ) 
■ Calccsina .CCuS ) 
Covellno (CUS ) 



Hemotito (Fej33) 
M«gnet1la (Fe s O,) 
.PJrUa (fes^) 
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Oro 



05 



Calaverilo ( AuTe^) 



Plate 



ArgenUta { Ag^S ) . 
Pmsma( Ag^s > 



Plomp 



E5oteno (PbS ) 



l« teorfo de lo flotation es compleje, no existf endo nun imp comprensjfo 
obsbJuto de todos los mecanlsmos tnvatucradbs. tste rnetgdo utitizo las 
diferenles propfedodes ffsleo^quimlcas superficial as de los minereles 
presenter en to rnena. Las parUcutss de mineral, finamente molidas y disperses 
en una pulpa C mezcla ite mineral y ague), son octrntiicionadas con deLerm1ricdu$ 
react! vos qufrtiicoS, ?og cities, fll absorberse seleclWamenle tin lo sutjerficia da 
olgunos nilnerales, les proporcionen proptetfetJes de hidrofobicidad o repe)encio 
a1 contocto con oguo-- De osU monera, si $9 Introduce en fa duIpo una fase 
gosBOse^tai como burbuje^ de pire^tas parUrulos hidrofobos se cdfcerfr&n o Irs 
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burbujas g sen* transport^ porSstas a le suparffclo de lo p^a. Por o, 
coMo. at r*sto de to parlfctjlDS Hifnara!^ ' „' rtrfin ! hMrtru« y 
, penmoneceron en elinterigr de Iq pulpa 

Los nnclivos de f lolaci™ mas important^ son los llmnados -colBctores. 
qua son flquoiiDs que proportionally caratterfctieas de^idrofabicldad n 
determinadns partrcules tie mineral. Sin embargo, P wtq e j exlto del proceso ej; 
imprescindibie lambfin la ulllJzacton de reactivos tanocldos comosspOmantes, 
responsebles de mantener una estabilf dad rezonablfc en Id espuma mfnernHzadei 
que se forma en la snpBrflcie.de la pulpa, g (a de 'reacltvosxonocfdos como 
ragujadom, responses de nctivar o fmpedir 13 acclon de los coleelores y de 
conlraier et pn de la puipa ( niyel de qicalinidad o acidez )."•■"■ 

13. REACTIVOS CDLECTORES 

Los coleelores son los cornpufestos organfcos- re$ponsflbles de 
propordonar caracteri'sUcas de hldrafbbicidad a deUrmipodos mineral es, lo que 
ocurre por la absorcion de mol&culqs o iones dot reactivq en le superficie del 
mineral. Esta obsorcldn reduce ia estabnidad de la capa hidraUda qtm sepora ia . 
superficie del mineral de la burbujti de aire hasta un ntvel en que puede. 
estobteeerse el contact En solution etuosa, las molecules de colector jweden 
diSQClorse en iones o ser practlcismente insoluble^ caso en el coal la 
hidrofobicidad se alcana por la CDbeHura de lp superfitie del mineral con .una 
delgado pel icule del cote g tor. ■ -■ 



En general, los colectores son u$ado$ en pequenas cahtidrntes, lo 
suflciente para furniar una capa mpndmolecirtar en le stiperfiple mineral; Una 



.: • '"• " " •' '• • — 1 
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mayor cartt?ded e$ un cas^ -stfictohai tmrecesario, odcmss de promovfir To 

Los ralector&s lonicos soti los que u en en magor OpHqocldn mi flo^cidn. 
So Irata de morulas dc eslryrtlltti ostmetric* y hetergpoleres. El rascal 
Mdrocartionarfo no paTer tterre tins pnjmintigfo repelencfa el agU o, en tnnio que la 
porle polar reccciono con el pgun y estabiece algun ti po da atroccldn ffsfca o 
quimico con lq superficie mineml, 

Entra las colectores ioMcos, ef grvpg tfe las onlonfcog y, en porticulat l< f s 

iH...lipo sulfhldHco; nnmmfos- x«nidtos^;son los" coledtores tfplnos para la 

flotacion de minerals dol .tlpo-emru^ de fl$(os' 
colectoces son las siguientes; . . 

'. .;. S - ., 

II * \ 
Afnll xantato lis polQsfo C^H U — 0 — C — S(C 

s ■■ • . • 

■ II 

Isapropil Karitgtgttesodit) - C 5 H ? — D-C-s Hn 

Se tree.que los xonlntos se obsorben stybra la supurfidB de los tnlnergles 
debfdo'o rtocciories qufmiras entre ol grupo polar y la suporricla^ TormahttosB 
xontatos mttiucos insoluble© fuertemante Wdrofoboa. Las invesUgnclones br 
este taropd hori moslrado tjtie ma action previa del axfgena en la superficfe • 
mineral feyprece la acctori def eolectory ya.ijrje se oirtbuye qron itnportoncia n| 
proceso de intercombla lurtico entrte b! xentolq g les produelcs oxldacion en 
■iB SUperficiG "del .mineral. tep^tanlatDjs son normjjlmente wtlllzedoS on pulpds 
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ligeramente akalinas, ya qua sb descomponen en media acitjo y-en^mbiente mujj 
oJcalino, los lones hidroxita ( -OH ) pueden desplazar a to$ tones xanieto de l$ 
superficiemlfterol. 

Los dUfofosfotos son tambien importantes eotectores' sulfhfdrlcas, 
aunque tie menor ntfll2gci6n que los xantatos. Son comporatlvarnente mn<> 
debiles que estos, pero dan byenos resultados cuendo se emplBnri en conjunto. 

Ids colectores calmnicns. entre las amies las amlnas sort los mas 
comunes, se utilizan pera la flotacionde mfneraies tales oxldos.ycerbonatos, 
Cstas col sc tares son muy s&nsibles ol pH de la pulpa, tentenda mayor actfvlded 
on iin medio ligernmenta acido. A dtferencia de lo que ocurre con los cantatas, se 
considers que los aminas se absorber) . fumJamentalmerite por_ alracciones 
electroestfiticos entre la parte polar del qolsctory la suparficie del mineral. 
Estos fuerzos no son tan fuertes o irreversiDles como las react i ones qufmlcas 
de las renclivos ani Alices, de modo qu$ sus prnpfedodes coteluras son mos 
debiles. 



Lds colectores oxhfdrilicos, entre Igs cuales los carbaxilicos o ecidos 
graces son los mas importantes, se utillzan en la notocion de mlneraies, tales 
corrro los 1 la<nados no metel Icos y carbonates de metales no ferrosos. Los acldos 
grasos son colectores fuertes pero tienen baja selectivldqd. 

1.4. reactivos cSPunAraes . . 

Con posteriori dad a la hidrofobicitiad que el mineral ha olcanzado por la 
atdon de Un colector, Ta establlidad die la urtidn con To burbuja ije aire depejide, 
en gran medltto, de la eficiencio-^.los reQcUypsxqpocidos coma espumontes. 
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Us espumentes son genarolmentB compuastps organicos holnnDpolores, 
copoC&S de Qbsor&erse en lo ihterfass qire-ogua, con la ports ho polar orientada 
fiacla Id fflse gaseosa, estotriliewuto la purtouja tie otre a trgves de una 
. dismlnucltm de la tension superficial. - 

Los espumantes mas eficBCCs:incluyen en su composition alguno de los 
slyulenles grupos; 

- Grupo hldrwtilo 
-OrupocBrboxilo 

- Grupq carbon ilo 
-Gru'po amlna 



- Grypos 9U)fo 

Los reactwos del lipo eicohotefe ( con grupo hldroxilo ) son tos mite 
utllteodos, : yo que procttcameMe no tlenen propiedbtfes coicctoros, 
coractenstica que sc rcconoce comb deseoble en tin buen cspumonle uara no 
tnterferir en la seleetlvidad de.T proceso. Como ejemplos, se puede citor el 
ace He de pino y el 6ctdo trasflleo;compueslos en base a alcohol as aroma tt cos. 

• t - Si.; } - } 
• ' ■ , * . i t 



— OK * 
OH 



— OSCJ*OH 
— S0 2 OK 
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SB utlliza lemblen una' yarledad de espummtes slntfttlcqs comptieslos 
principalmenle de aicoholes da alto ; P8 so. moleculor^ta ' vihi.qja de.' e it cs 
reactivos , respecto oe! acelte de pino 9 e! tefdb cresflfco. es que son 
cumpusstos mas estobles. pormitlendo <,n mejor control en el proceso. 



1.5. REACTIVOS RC6UL ADORES 

Los regulodoras 0 modificaoores eon usados en f Mad on para modiricar In 
occlon del colector, H a seo intensHicando 0 reduciendo el ofeeto hJdrdfooo eh Iti 
superlicie mineral. Se tf 8S lfj can Bn activadores. deppesantes 9 modfficadorcs 
depH. 

Los activadores alters le nnturaleza qufmico de la superflcie mineral de 
manera que cl colector pueds ebsorberse en dlcho superficte. Ganeralmeate son 
sales solubles quC ioni^on en solycidn. pc^osa, d« manera que los ibnes son los 
Que reecclonon con la superneie m i nei - 0 l, u, ejempio ciosfeo osM octivacion del 
sulfuro da cine, (esfalerlta) por lones. cobra en solycion. Lo esfalerito Oota 
deficisntemsnte con un colector del tlpo xenla^ ya que el Kanlato de cine 
formado en la supemc'ie ss relollvamente soluble. La presencia de iones cobre 
conduce a la formocion de moteculos swporHciules de sulfuro de cobra/ las que 
reacclonan rapjtlanicnle ccn el xanloto para fprmar xantmo de eobre Insoluble 
de esta manem, dejar la supcrficig con corocterfslicas hldrGfobas. 

Los depresames son utilise* para atimentar la selectividud tie la 
flotacf6n f lo que 3e obtlene ai impedlr lo occidn del colector en determinados 
mlnerales. La accion de los dBpresbptes suele ser mas comnlejo ij nienos 
comprenrilda, lo que s e lr60t/c'e?«npie-.su cpntro^es. mas diffcfl respecto de los 

" '; if. ;•».>*' ; 
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oVros r&aeiivoS. A madp d9 e]OTp)cC'se puetic citgr 13 oceiun de cianuros en 1o 
- 'fiotacfott* selective de sulfufos; iaies cprpg 'el cianuro da sodlo.* Este rcnctivo - 
puede reoccionar son iq 3 xantatos metolicos ranrados en lo superficle miners!, 
formandn complejos de mayor suMilidad y, pur lo tonta, hacientfo mertus fcrtcaz 
to occidn del coleclor. 

Ld$ modi flea tfores tfe pH se irtilfzarTparo regular el ni veJ de oicefinidad o 
qefdcz tte . la pulpa, . ta $ue • tambten es un medio efrcaz de ponlnoler lo 
selecllvlffod en la Halation. Generdmente $e procure reerfzar las flotocioTies en 
medjos ligeramenle alcalinos, ya que lis matjorfe de los colednreS Son estobtes 
en estas eondltlones ademas, $6 rediicen ai mfnimo las problemos de 
torro$J6n en equipo? e jnstalac1ot\e3, Pero pulpos alcolines se utitlzo 
nbrmalmente cut & para pulpas acidas, sa utilfze ati'do sulfurtco. 

2.0. OESCRJPCIOH DE LA tNVENClON 

2.1. 6ESCRIPC10N 6EN£RAL DEt REACTlVO 1MVEHTADO 



El TeactJyo inyentodo se puetfc clesiHcar como una cbmposlcian 
aclfvatlcjra-BSDumflnle, de. buena selectwitfad, y que sa'puetJe epllcar como 
: reoctiva complementario para la nuifjdurt de minerotes sulfuric dg Cu 
finamehtemolldos^aproximadainentebajo tamalla 150. Asimismo, ts apltcobie 
en el re trot am lento de releves tie Cu proventsntes de planlas de flotation, case 
en el cuol puede oplieorse prectkamente como reactlvd unicg. Stendo bBclEhie 
soluble, rSqiiiere de poco ttempo de homoyenizBcian b otdnflmionemlento. 

f /" ' ' 

• - ■ 
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El reocttv invents es enable en Ul , 8rap , i0 f ft , erva)0 pHk ofin cuar>cw 
lus mejores nesultodos hon si* obtenidos rrara v „ior es de P H entr* 6 y 7. Al 
porecer. la etcidn del reactive invented^ es notorial* mejt^da en' presenc i fl 
de una ctaldn ndec^da de lo p«l P? , >□ ^ expItajrfft los ^ resuUed<?s 8 , 
Micarto <m no^ones B „ sMenra.de c teCB „ a u Cn C8ldos <on 8gitacl6n 
intense. „. 

£) reactive Invent** * l(na Cqmtl i n acfdn adecuada de compvestos que «i 
mayor o menor m B di*., est™ reiacton^ C(m If) rndustr|!l ^ ^ 

aceite de pfno, periixldo de hldrp 3 eno. bicarbonate de sodfo U su) furo d 0 9 6dio 
tu U8S d^cripclones u praxes nrccanisrabs de atcion *«„ }os que se i^™ a 

contlnuacirirv 



2.2. COMPGWENTe ACEITE DE PIHO 

£1 scene de pino perteneca a lo cbtegorfa d e reatiivDs espnmentes 
utituodos en flotaeion do mineral*,, y como toJ, es responsoblV de Id " 
estetJilfdod de la f fjse esptiitta en dicho pnicasa. 

En general, C l actite es • una ime^la de coropuasLos "organic^ 
heteropoiares, capa* de ser ateorMda en la inlerT&se alre-aguo. En sohidtin 
acuoaa, los dlpolDs del eguo se combinan ropidamente con los grupos palares det 
aceitfe de pino, pero prfcticamiinle no hay reaeclor* con el ghipb hidrocarburo no 
polar, y la tendencia es for-ar a este tiUimo hacla el interior de la fase airo, De 
este modo; la action de este compuesto se traduce en su absorefdo en' le 
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es una notice cpmun now primary W sulfas y tqego.jos dxidos, con l» 
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•: interfrec alre-aguo; con lo cwl sst&Hiza odecuodomenU los burfcujes tie aire 
que tramspdrton t as pm if wtf ai solltfos mineral f zadas. . 

rfo especlficDiTiflnie, ^ceile fle plno esia cbmpufrsto par una sorie da 
elcouoiftfi; -nnlre lo3 cuales. eY cqns.Lltuyente mas importanto bs el oKo- 
terpin&ol En la estnjcturu d* DStO .components, el gmipo hldroxilo C -OH ) e& la 
ports polar. 



/ \ ■ ■■■ 

V / - 



- 2.X COttPONEKTE SU1.FURO DE SOD 10 

^ EI wltwT) do Bodlii ( NdiS ) pertenccc « lo wtegor-Ca da mctivos Ue 

HeUcftfn conoctdas como modlffcodores, las cuales, en general, olleron las 
- corectori'slfcas swmTidaleg de las partfeufes minerefes ton fines <* 
. acUYOtitinotJepresifin. 

<- - -tJtra .opI'tBclGn cwoci?nstl[» del sulfuro de swflo tlcne-que ver. con la 
ttMvodon jar wUuriztc\6h de ' rolncnfe oxidorfos, drtientto loners* uno 
adeaioao regulation de la c^tad_Dgrega<to, a a que una doslflcacHm exctoivti - 
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■ ■ ■ " Mre les apticaciouss que pGe^ mt^cmna^ es tVsu dosificotioo en 
operacione, rfe fbtocidn ^etUVb de mtnenrtes de cobre y molibdeno: EnW 
<*3o, an ui amblsnte de acondicip^mjento acido, se utfif^ pQrQ py^r a In 
dQpreslori;^ cd™ en lo;e.Cwt-d« /lolacifin d^moliDdeno. EJ perfcfda ( 
alimented^ en solids m 5o^). sim ^ tnmrforW tos. nolecton.s 
sulfhfdrlco's solubles en ogqa en moterteles insolubles. 

Vo que ?! peroxide de hidroge/io pun> no esta usuelmente tfisponlbte rri se 
prepora feci Ime ale; las constates jfstcas tfe strtucfones otuosas son de moy^r 
volor practico one tas del perdxida pun?. iEn todo enso, se puede menUornjr que la. . 
establMdod del perdtfdo de Mdrogeno : tteitaide del grado o| cua! astf purincedu. 
Paro un perotfda muy purg, ?o tfescamposicfon es ton boja cortw 0,0006 s o 
0.0002 £ por hgre oSOff.C. Vanus factors perscen influfr en la descompdsfcion 
del peroxide, tales como latenttperaUinj,, >3 pre?encla de ciertos motcrias en 
suspension, el pH y la nrtfaddtvLos ianes hitiroxldos teusan descomposlrjon 
Tflpida del peraxldo de htarogenirH eTectq delpH ha sida bien gstudtado, 
determinant une estotjilidatj optima para pH 4.. 

. Exlslen dos pqslbF^s esinrcturns del peroxido de titdrdgeno: la slm&trtca ( 
i o ill ) y la osfm&lrica ( It ). be ocuerdo a su comportgmJento qufmieo, parecleru 
ser. m6s probable las estructuras sitn&tricas, aim cuondo, bo jo eierte? 
cgndictones, como mug bajas temperoturos, ouede esperarse la eslructurn 
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2-5- COMPONENTE BICAR6DWAT0 DESOOIO 

El bicarbonate de sodio ( NaHCOj ) lambion podrio considerorse un reoctlvo 
modincador, aunque ng iiener> matures entecadentas d£ sti trtiMzacitfn en 
fJotacidn. 

B bicarbonate) se descompone o tempenjtrims maderodos/ comen2ando a 
perdar dioxido de corhemo a 50 2 c eproximadoment&, siendo esencialmenle 
carbonato de sodio < Na^COj ) score 100 2 C. Par atre pflrte ; $9 descompone 
fdci]fT)ente en presence de aciqos debiles. Yo que el Mcarbonato es un producto 
farmeceutSeo, liene espeeUicoci ones es(ri etas de purezq, con nWeles de 99,3 £ 
O 99,9 3 para su com$rtlalte&cimL 

Mayor relociGn con la flotation a$ la que Uene ei carbonato de sodio 0 
ceniza de soda ( Na l C0 3 ) T Cuando las lamas da ganga canst? Uiyeh' un problems 
serto, la centza de soda puede ser' efi.caz para mejorar .iaViio le.ley del 
concentrado como 1b recuperoctfyL... ■ . . 
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2.6. CdHPOSICfOfl DEL REACTlVO INVENTAPQ 

U composition del r^octivojle lo presents invention, se debe preparar 
usondn tintidades stifltfentes de los.cugtni compnnentes indicadoa, <e) gcette 
ife plno, (b) Na^S, (c) HJJ^ y (d) WcHCO^ , ftara preparer un reactivo Bclfvudor- 
* espumanle, de buena seteclividsd para seraplicmlo en procssos de floLocion de 
mineral e s tipa svlfurus de Cu. 

. Las conlldndes de coda comporonte empleados muy ventnjpaornente po™ . . ■ * 
: , • preparer la composlcffin de este reectivo mverrtado, vofiaran dependiendo de Ids 

components (a),- (b), (c) g td) empleodos, de Is meno espocffica que esta sien.Jo . 
.tratedo jj de fos rcgfmenes deseadbs de racupenjcion y setcctlvidod. 

La ctmnposieipn comprsnte <tt>roximattemente de \% o tO&, mus 
preferWementc de 2% a del componenle (a), epnwimodqrmmte de FOX 6 
m&s prefeilblemehtg da f2X a 20* tfel component* (b) en solution al io*, de 
bj^oximadomente- 155 e mas pneferiblemente de 21% a 34 £ dr?l 
..... components (c) en solucitfn al 50* y aproximudamcnte 2QJG a 40*. m6s 
■ prefcribternenle de 25% a tfeJ components (d). • : 

De forma aun mq$ pretefibie,. la composition del reactive actlyador- 
- espumonte;inventado, comprende eproximadamente de 38 a 7£ en peso tfcl 
.... ■ componen^e (aX de aproximadamente un 135 o I3£ en peso del componente (b), 
"de -oproximadijmenlB 25K . o 33S en:. peso de! componente • (c) y de 
... . oproximodamenle 2§% q 34£ en peso Cot ccmponente (d). 




•> 
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A continuation se incl^n ejamplos de ls mieva composition 

mvenlada, los cuales solamente tie™ por obj B< o servfr de Husirac.nn y h„ 
constituycn hmltadonss de lamisma, 
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10, EJfllPLOS OE APLiCACJON - : 
niRERAL UTiLRAOO 

El ; comporUmlBtitu . det \\ rraclivo invented* ha side probudo 
fMeii^liimte en le recvpereiclon cobra * perltr d* reloves dc plontos de 
flolrtdn. : cfen* ef Mfuni celcoplrfl* «1 miner* cfc ccbre predominant* El 

.WM ^contenfda de cu^ra por; fr^ccidn gnmulom&irfc*, n^izedo en el 

'Loborolorio S. 6. S. Chile, e S «t que infrai a tontinvaclgn.- 

- TAT1ARO COBRC 



MALI A ( * ) U) ... LEV (SCu, DISTRIB.U) 



+ (5^ 29,6.. 0,14 

150* JSC 7,5 . 0J2 

I BO *200. 5 F e 

-200 57 J 0,22 



TOTAL 100.0 0,10 



22,6 

0,12 3,9 

68,7 

100,0 



El objelivo Dtanteadu cunle uUltacion del reecllvo invenlado estate 
ortentodd s obtener altas recupereclones on la obtencion de un prgconcantrodo o 
cdrtcentrado prfmarlo y, edemos, que luviem" Icyes compares con fas quo 
requlere camp qUmenlatjon a un circuUo convencional de Mqt&cion, esto es cm 
volores del orden del 1 ,0 is de cobn» o supsriores. 
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■ ftaJBVBS con las taractensll«i5 fndicaijes antericrmcrtle se procesaron en 
in^talaciones ttpo c03C*da. que const?!? W el p3SO tftfl r*l oye D0r .(Hio serte ite 
soUos aqulbisUnles unos da ptro? a nn (te prcuJircfr una espitmaciun. El reoctlva 
uwenlado as ophcti en to alimentation el ai$temo. ran posteriondnd «l ajustc ite 
pH con atttcitfn tls col. 

Las muestras da concEntradc se oliluvierort pa™ guotro d^sff icadonoa <ii»J 
reoctlvo Invantndo. para lo ci«i se procwifa a recogar la e&mtma pin* espncio d B 
10 minutes e conUt>Uuel6n CQft saU3_ Lg«j coitcenlrados ernn cmnJucldo a un 
ennui otUrno y luego eron $ftcatJgs, pesados y envlados a orwitels qiifrnjco. Los 
resultotJos obtenidos son las we se Indltn d continuoeiwt 



C08RE CCWICf NTRADO 
RCACTIVO . 



PRUEBA 


(g/lon) 


PH 


LEY ( 3 C(J ) 


RCtUPER. U) 


1 


'WO 


6.3 


320 


90.0 


2 


300 


6,3 


2 .00 




3 


200 


6.5 


t.TS 


75,0 


4 


too' 


5,5 


I>>0 


60.0 



■ ■■•_*,-,- -Ot J ; 
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El mjsmq releve tndicodo anlfenohnnerile $e prbceso ?n Una celdo unilfcrlo. 
do fldtflciori con copocided d8; ; 3,86 , con mecanismo ; de agitodon 
- ■ qonvenclonal, perp eumentohdo. su valocfdod a 2.000 r.pjn, En esle caso, Tos 
resuttodos obtenfdos en funci&Tife lo dosHtcacien del maclivo Im/entedo, fuenm 



- . - - REACT I VO : ':. --^-^.^ — „ _ 

PRUE3A (g/lon) . pH ::: LEY (KCu) RECUP. U) 



:(■■ - 


v 200 




-4,20 


91,0 


2 


150 




3,44 


82,3 


3 


100 




L76 


68,0 


4 


50 


* 6,5 : ■ :■ 


0,82 


40,0 



!.^V.T« - 
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EEIVySDjCACIMiS 



1 - Una comoo$1cidn ocUvadoro-espumante, de bueno selecttvidad y que 39 
puede eplicor conno reaelivo tomplemantario pars 18 flotacron do mineral es 
suUuros ds Cu firtdrnente molittos y en el retratamiBnto tfe'reitvas de Cu 
proveniences de plentos de flotation cQmo reeclivo Onto, CARACTERlZAtfA 
porque consta de: 

a) aprotfmadamente IS 0 1CX, preferlblemente de 255 9 oxj/wi peso tie 
acelte de pfna 

b) aproximedwnente 10S a 30J5, mas pr*feriblemente de \2% a 20%, en peso da 
sulfuro de ggd^ (Nft S) en solucidrt ullOJe. 

t) DprgximoddmenU 15S q 3fiS, mas pmeri&iemenle tie 22S o 34#, en peso qIq 
peroxldg de hidr&geno ( en salucitin ai 50^ y 

d) oproximcmamenle ?m a 40JS, rttfs preferiMemente de 25* e 38*; tin peso de 
Mcarfronolp de sodTo ( NeHCQ ). 

2. - La cpmposicfo^ oetivadofa^spumante de Jo rei vindication 1, 
CARACTCRIZADA porque contfen^ de preference, de 3S a It en pe5 p de aceile 
depmo. 

3. - Lo composicion acilYadora-espumanle de la relvindtcflcion J, 
CARACTERIZADA porque contien B , de profunda, de 13* a IpS en paso de 
suUUro de sndio. 

4- La cqmposicidn acUvedor*-espumanU de la reWlndleocffa I, 
CARACTERIZADA porque contfene. de preference 25* a 35* en peso do 
peroxide da b|dr6geno. 

5" Lo composition activndcra-espumonle de la retvindkacldn 1, 
CARACTERIZADA porque conUene, de preference, do 26% a 34* de bicerlionoto 



*fe sodio. 



1 -■ -;*.*»>/;:^ 
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Translation of Chilean Patent # 38802 

DESCRIPTIVE MEMORANDUM 

The invention refers to a promotor-frothcr composition of good selectivity that 
can be applied with complementary reagents for the flotation of finely-ground copper 
sulfide minerals as well as in the relreatmcnt in the tailings of the concentrates provided 
by flotation plants, in which case they can be practically applied as one reagent. 

LU DESCRIPTION OF THE CONCEPT 

1.1 THE CONCENTRATION OF MINERALS IN THE MINERAL INDUSTRY 

It is understood that the concentration or processing of minerals is a sequence of 
operations that are effective with the tailings or ore deposit, with the object of the 
concentrator to separate the mineral of interest in order to later extract the metal values 
that arc contained. 

By definition, the operations ifivolucrades in the concentration do not alter the 
natural chemistry of the mineralogical species contained in the ore. This characteristic 
constitutes the basic difference with respect to the alternative methods of treatment such 
as hydrometalturgical processing. With the results of a concentration operation, one 
obtains a concentrate that is that fraction of the ore enriched with the mineralogical 
species that have economic value and a tailing that contains fundamental minerals with 
no economic value, which are known as ganguc. 

Tn general, the concentration of the minerals involucro^ in the first step, is 
reduction of the size of the ore in the stage of crashing and grinding, to obtain adequate 
liberation of the valuable minerals from the gangue. The later stage is the actual 
concentration utilizing different physical processes or physical-chemical processes, 
depending on the minerals that are being processed. Finally, after the adequate handling 
of the concentrate, the metal values are extracted, traditionally by a pyrometallurgical 
process. 

In order to accomplish the concentration, different methods that arc used make 
use of physical and physical-chemical differences among the valuable minerals and those 
of the gangue. Such differences can be the relationships of the speciiic gravity (gravity 
concentrations), the surface properties (flotation concentration), magnetic properties 
(magnetic concentration), properties of electrical conductivity (electrostatic 
concentration) or, simply, some optical property (concentration by selection), 

L2 FLOTATION AS THE METHOD OF CONCENTRATION 

flotation is, without doubt, the most important and versatile method of mineral 
concentration. This process has permitted the treatment of ores of lower grades and 
more complex composition than do not have economic results with other methods. 
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Furthermore, flotation has noliccdo cxilosamente in the retreatment of rejects from other 
methods of concentration or, inclusively, in the processing of old tailings from flotation 
plants, thanks to new advances and optimizations that have been pursued with this 
technology. 

SOME PARAGRAPHS ARE MISSING FROM THE COPY 

Zinc Gold 

Sphalerite (ZnS) Caleverito (AuTc2) 

Smithsonite (ZnCO}) Silvanite (Ag.Au)Te2 

Copper Silver 

Bornite (2Cu 2 S.CuS.FeS) Argentite (Ag 2 S) 

(Cu 3 FeS 4 ) Prustita (Ag 3 S 3 As) 

Chalcopyrile (CuFeS ) 
chalcocite (Cu S ) 
covellite (CuS ) 

Iron Lead 
Hematite (Fe 2 0 3 ) Ccrussitc (PbC0 3 ) 

Magnetite (Fe 3 0 4 ) Galena (PbS ) 

Pyrite (FeS 2 ) 

Tlic theory of flotation is complex; a single absolute understanding does not exist 
of all the mechanisms involucredos. This method utilizes the different physical-chemical 
surface properties of the minerals present in the ore. The mineral particles, finely ground 
and dispersed in a pulp (a mixture of mineral and water), arc conditioned with determined 
chemical reagents, which are selectively absorbed on the surface of some minerals, that 
provide the properties of hydrophobicity or repellency upon contact with water. In this 
method, if a gaseous phase is introduced into the pulp, the hydrophobic particles adhere 
to the bubbles and are transported by them to the surface of the pulp. On the contrary, the 
rest of the mineral particles remain hydrophilic and remain inside the pulp. 

The most important flotation reagents are called collectors, because those impart 
the characteristics of hydrophobicity to the specified mineral particles, Notwithstanding, 
in order to exit the process, reagents known as frothers must be utilized, responsible for 
maintaining a reasonable stability in the mineralized froth that form on the surface of the 
pulp, and reagents known as regulators, responsible to activate or impede the action of 
the collectors and control the pH of the pulp (level of alkalinity or acidity). 

1.3 COLLECTING REAGENTS 

The collectors are organic components responsible for furnishing hydrophobicity to the 
selected minerals, which occurs by the absorption of the molecules or ions of the 
reagent on the surface of the mineral. This absorption reduces the stability of the 
hydrated layer that separates the mineral surface from tire bubble of air until at a level in 
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which the contact can he established. In an aqueous solution, the collector molecules 
can disassociate into ions or be effectively insoluble, in which case the hydro phobicity 
is achieved by covering the mineral surface with a thin film of the collector. 

In general, the collectors are used in small quantities that arc sufficient to form a 
monomolecular layer on the mineral surface. A large quantity is an unnecessary 
additional cost; moreover, it promotes the flotation of other minerals, reducing the 
selectivity of the concentration. 

The ionic collectors are those that have the major application in flotation. 
Molecules with asymmetric structures and heteropolarity are used. The hydrocarbon 
radical has no polarity, which produces repellency in water; overall it is the polar 
portion that reacts with the water and establishes some type of physical or chemical 
attraction to the mineral surface. 

Among the ionic collectors, a group of anionics and, in particular the hydrosulfide 
type called xanthates, are the typical collectors for the flotation of sulfide minerals- 
Typical representatives of these collectors are the following: 



It is believed that the xanthatcs arc absorbed over the mineral surfaces due to 
chemical reactions between the polar group and the surface, forming insoluble metal 
xamhates that are strongly hydrophobic. Investigations into this area have shown that 
previous reaction with oxygen on the mineral surface favors the action of the collector, 
so that great importance can be attributed to the process of ionic exchange between the 
xanthate and the oxidation products on the mineral surface. Xanthates are normally 
utilized in slightly alkaline pulps, because they decompose in acid media and in very 
alkaline environments the hydroxide ion (-OH) can displace the xanthate ions from the 
mineral surface. 

Dithiophosphates are also importance sulfide collectors, however of) ess 
utilization than the xanthatcs. They arc comparatively weaker than those, but good 
results can occur when they arc used in conjunction with each other. 

The cationic collectors, among which the amines are the most common, are 
utilized for the flotation of minerals that are oxides and carbonates. Those collectors are 
very sensitive to the pH of the pulp and have best activity in slightly acid media. In 
contrast to that which occurs with the xanthates, it is considered that the amines are 
absorbed fundamentally by electrostatic attraction between the polar part of the collector 



PAGE 40/47 * RCVD AT 6/28/2004 5:49:20 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/5 * DNIS:8729306 * CSID:312 321 4299 * DURATION (mm-ss):10-32 



Potassium ainyl xanthate 



n 
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Sodium isopropyl xanthate 
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and the mineral surface. These forces are not as strong or irreversible as the chemical 
reactions of the anionic reagents, with the result the their collecting properties are more 
feeble. 

The oxyhydride collectors, among which the carboxylics and fatty acids are the 
most important, are utilized in the flotation of minerals that are called non-meiallies and 
carbonates of* non-ferrous metals. The fatty acids are strong collectors but have low 
selectivity. 



1.4 FROTHER REAGENTS 



After making the mineral hydrophobic through the action of the collector, the stability of 
its union with the air bubbles depends, to a great extent, on the efficiency of the reagents 
known as frothers. 



The frothers are generally hctcropolar organic constituents that are absorbed in 
the air-waler interface with the non-polar part oriented toward the gaseous phase, 
stabilizing the air bubbles or leaning toward the lessening of the surface tension. 

The most efficient frothers include in their composition some of the following 

groups: 

Hydroxide group -OH 

O 

// 

Carboxylic group --C 

\ 

OH 



Carbonyl group --C==0 
Amine group -NH2 

Sulfur group -0SO20H 

-S020H 



Reagents of the alcohol group (with the hydroxide group) arc the most utilized, 
and in practice have no collecting properties, characteristically recognized as desirable as 
a good frother because it does not interfere in the selectivity of the process. As examples, 
pine oil and cresylic acid can be cited, composed basically of aromatic alcohols. 

A variety of synthetic frothers is also used, composed principally of alcohols of 
low molecular weight. The advantage of these reagents, especially pine oil and cresylic 
acid, is that they arc more stable mixtures, permitting a greater control of the process. 
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1.5 REGULATING REAGENTS 

The regulators or modifiers arc used in flotation to modify the action of the collector, 
that is intensification or reduction of the hydrophobic effect on the mineral surface. They 
are classified as activators, depressant and pH modifiers. 

The activators alter the natural chemistry of the mineral surface in such a manner that 
the collector can be absorbed on said surface. Generally they are soluble salts thai ionize 
in aqueous solution, in such a manner that the ions arc such that they react with the 
mineral surface. A classic example is the activation of zinc sulfide (sphalerite) by copper 
ions in solution. The sphalerite floats poorly with a typical xanthate collector, because 
the zinc xanthatc formed on the surface is relatively soluble. The presence of the copper 
ions lead to a formation of copper sulfide surface molecules, that react rapidly with the 
xanthate forming insoluble copper xanthate and, in this manner, give the surface 
hydrophobic character. 

The depressants are utilized to augment the selectivity of the notation, so that an 
impedance is obtained to the action of the collector on determined minerals. The action 
of the depressants appear to be more complex and less understood in that they are 
traditionally more difficult to control with respect to the other reagents. An example is 
the action of cyanide in the selective flotation of sulfides, particularly sodium cyanide. 
This reagent can react with the metal xanthates formed on the mineral surface forming 
predominantly soluble complexes and, overall, makes the action of the collector less . 
effective. 

The pH modifiers arc used to regulate the level of alkalinity or acidity of the pulp, 
where it is also an effective medium to control the flotation selectivity. Generally, the 
flotation can be managed in media that are weakly alkaline, seeing that the majority of 
collectors are stable in those conditions and, furthermore, the problems of equipment 
corrosion and installation arc reduced to a minimum. For alkaline pulps, normal lime is 
used and, for acid pulps, sulfuric acid is used. 

2.0 DESCRIPTION OF THE INVENTION 

2.1 GENERAL DESCRIPTION OF THE INVENTED REAGENT 

The invented reagent can be classified as a promoter- frother composition, of good 
selectivity, and that can be applied with complementary reagents for the flotation of Cu 
sulfide minerals, finely ground, approximately less a 150 screen. In the same way, it is 
applicable in the retreatment of Cu tailings coming from flotation plants, in which cases it 
can be applied practically as a single reagent. As it is not soluble enough, it requires a 
small time of homogenization or conditioning. 

The invented reagent is stable in a wide range of pH, although the best results 
have been obtained at pH values from 6 to 7. It can be seen that the action of the 
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invented reagent is a marked improvement in the presence of an adequate aeration of the 
pulp, that explains the good results in the application in the system of cascading flotation 
and in cells with intense agitation. 

The invented reagent is a proper combination of components that, in a major or 
minor way, are related to the mineral industry. These are pine oil, hydrogen peroxide, 
sodium bicarbonate, and sodium sulfide, whose descriptions and probable mechanisms of 
action are indicated in the following. 

2.2 PINE OIL COMPONENT 

The pine oil belongs to the category of frothcr reagents utilized in the flotation of 
minerals, and as such> it is responsible for establishing the froth phase in the said process. 

In general, the oil is a mixture of hcteropolar organic compounds, capable of 
being absorbed in the air- water interface. In aqueous solution, the dipoles of the water 
combine rapidly with the polar groups of the pine oil, but in practice there is no reaction 
with the non-polar hydrocarbon group, and the tendency is to push the latter to the 
interior of the air phase. In this mode, the action of this mixture can be changed in its 
absorption in the air-water interface, with the adequate stabilization of the air bubbles thai 
transport the solid mineral particles. 

More specifically, pine oil is a mixture of alcohols, among which the most 
important is the alpha terpineol. In the structure of this component, the hydroxide group 
(-OH) is the polar part. 



CH--CII2 CH 3 
// \ I 

CH— C CH— C— OH 

\ / I 

CH2— CII 2 CII3 



2.3 SODIUM SULFIDE COMPONENT 

Sodium sulfide (Na2S) belongs to the category of notation reagents known as modifiers, 
whose quality, in general, alters the surface characteristics of the mineral particles with 
the object of activation or depression. One characteristic application of sodium sulfide 
that can be seen is the activation by sulfidization of oxide minerals, dehiendn to have an 
adequate control of the overall quantity, because an excessive dosage can actually 
depress a major quantity of the sulfide minerals; it is a common practice to float first the 
sulfides and then the oxides with the 
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REMAINING PARA GRAPHfS) ARE MISSING FROM COPY 

2A HYDROGEN PEROXIDE COMPONENT 

FIRST PARAGRAPHfS) ARE MISSING FROM COPY 

Among the applications that can be mentioned is the dosification in dotation 
operations selective for copper and molybdenum minerals. In that case, in an acid 
conditioning environment, it is utilized to assist in the depression of copper during the 
steps of molybdenum flotation. The peroxide (fed in a 50% solution) serves to transform 
the collector sulfur hydride, soluble in water, to an insoluble material. The pure hydrogen 
peroxide is not usually disposable nor is it easily prepared; the physical constants of the 
aqueous solutions are o f more practical value than the purity of the peroxide. In aJl cases, 
it can be mentioned that the stability of the hydrogen peroxide depends on the grade to 
which it was purified. For a very pure peroxide, the decomposition is lower than 
0.0008% to 0,0002% per hour at 50°C Various factors can influence the decomposition 
of the peroxide such as the temperature, the presence of certain materials in suspension, 
the pi I and radiation. Hydroxide ions cause rapid decomposition of the hydrogen 
peroxide. The effect of pH has been well studied, determining an optimum of pi 1 4, 

There exist two possible structures for hydrogen peroxide: the symmetrical (I or 
III) or the asymmetrical (II). According to its chemical behavior, the symmetrical 
structure appears to be more probable, nevertheless when, under certain conditions, with 
very low temperatures, the asymmetrical structure can be expected. 

H 

\ 

H — O — O — H O— O 

/ 

H 

(D (ii) (III) 

2.5 SODIUM BICARBONATE COMPONENT 

Sodium bicarbonate also should be considered as a reagent modifier, although it 
has no major precedent of utilization in flotation. 

The bicarbonate decomposes at moderate temperatures, beginning to lose carbon 
dioxide at about 50°C, becoming essentially sodium carbonate (Na^CO;*) above lOO^C. 
On the other hand, it decomposes readily in the presence of weak acids. Since the 
bicarbonate is a pharmaceutical product, it has strict specifications of purity with levels of 
99.8% to 99,0% for commercialization. 



H H 

\ / 
0—0 
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The mujoT relationship to flotation is that it has sodium carbonate or soda ash 
(NazCC^). When the slime of the gangue constitutes a serious problem, soda ash can be 
more effective for a belter tenor o f concentrate grade relative to the recovery. 

2.6 COMPOSITION OF THE INVENTED REAGENT 

The composition of the reagent of the current invention was prepared using proper 
quantities of the four indicated components: (a) pine oil, (b) Na2S, (c) H 2 0 3 and (d) 
NaHCO;*, but prepared as a promoter- frother reagent with good selectivity for the 
application in the process of flotation Cu sulfide minerals. 

The quantity of each component, employed very advantageously for preparing the 
composition of this invented reagent, varies the components (a), (b), (c) and (d) 
depending of the specific ore that is being tried and the desired regimen of recovery and 
selectivity. 

The composition is understood to be approximately 1% to 10%, most preferably 
2% to 8% of component (a), approximately 1 0% to 30%, most preferably 12% to 20% of 
component (b) in a 10% solution, approximately 15% to 36%, most preferably 22% to 
34% of component (c) in a 50% solution and approximately 20% to 40 %, most 
preferably 25% to 36% of component (d). 

In the most preferable form ? the composition of the invented collector-frother 
reagent comprises approximately 3% to 7% by weight of component (a), approximately 
13% to 18% by weight of component (b), approximately 25% to 33% by weight of 
component (c) and approximately 26% to 34% of component (d). 

Below arc included some examples of the new invented composition, whose 
quantities are given solely with the objective of serving as an illustration and do not 
constitute limitations on the same. 

Remainder of page has been blanked out 



3.0 EXAMPLES OF APPLICATION 
MINERALS UTILIZED 

The behavior of the invented reagent has been proven fundamentally in the recovery 
of copper to separate the tailings of flotation plants, containing the chalcopyrite 
sulfide as the predominate copper mineral. The analysis of the copper content of the 
screen factions, obtained in the Laboraterio S. G. S T Chile, is as indicated below: 
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SIZE COPPER 

SCREEN # % grade, % Cu Distribution % 

+ 150 29.6 0.14 22.6 

-150+ 180 7.5 0.12 4.9 

-180 + 200 5.6 0.12 3.8 

-200 57.1 0.22 68.7 

Total 100.0 0.16 100.0 



The main objective with the usage of the invented reagent was to find a way to , 
obtain high recoveries in the obtaining of a preconcentrate or a rougher concentrate 
and, furthermore, to obtain a grade compatible with that required to feed a 
conventional flotation circuit, which is a value on the order of 1 .0% copper or more. 

EXAMPLE #1 

Tailings with the characteristics indicated previously were processed in a cascade 
type installation, that consists of a series of soltos equidistant one from the others to 
produce a froth. The invented reagent was applied to the feed to the system with later 
adjustment of the pH with the addition of lime. 

The concentrate samples were obtained with four dosages of the invented reagent 
in order to proceed to collect the froth for the space of 10 minutes continuously for each 
step. The concentrates were conducted to an alternate channel and afterward dried, 
weighed and entered for chemical analysis. The results obtained are those indicated 
below: 

COPPER CONCENTRATE 

REAGENT 



SAMPLE 


g/ton 


pH 


Grade % Cu 


Recovery % 


1 


400 


6.5 


3.20 


90.0 


2 


300 


6.5 


2.80 


85.0 


3 


200 


6.5 


1.75 


75.0 


4 


too 


6.5 


1.20 


60.0 



EXAMPLE #2 

The same tailing indicated above was processed in one unit flotation cell with a 
capacity of 3.86 m 3 , with a conventional agitation mechanism, but increased to a velocity 
of 2,000 rpm. in this case, the results obtained as a function of the dosages or the 
invented reagent arc given in the following: 
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COPPER CONCENTRATE 

REAGENT 



SAMPLE 


g/ton 


pH 


Grade % Cu 


Recovery % 


1 


200 


6.5 


4.20 


91.0 


2 


150 


6.5 


3.44 


82.3 


3 


100 


6.5 


L7« 


68.0 


4 


50 


6.5 


0.S2 


40.0 



CLAIMS 

1 . A promotor-froiher composition of good selectivity and that can be applied with 
complementary reagents for the flotation of finely-ground sulfide minerals of Cu and 
in the retrealment of Cu tailings coming from flotation plants with a single reagent, 
characterized because it comprises 

a) approximately 1% to 10%, most preferably 2% to 8%, by weight of pine oil, 

b) Approximately 10% to 30%, most preferably 1 2% to 20%, by weight of sodium 
sulfide (Na S) in a 10% solution, 

c) Approximately 1 5% to 36%, most preferably 22% to 34%, by weight of hydrogen 
peroxide (H 2 0 2 ) in a 50% solution, and 

d) Approximately 20% to 40%, most preferably 25% to 38%, by weight of sodium 
bicarbonate (NalICO ). 

2. The promotor-frother composition of claim 1, characterized because it contains, 
preferably, 3% to 7% by weight of pine oil. 

3. The promotor-frother composition of claim 1, characterized because it contains, 
preferably, 13% to 18% by weight of sodium sulfide. 

4. The promotor-frother composition of claim 1 , characterized because it contains, 
preferably, 25% to 33% by weight of hydrogen peroxide. 

5. The promotor-frother composition of claim 1, characterized because it contain, 
preferably, 26% to 34% sodium bicarbonate. 
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